AlGaN/GaN heterojunction field effect transistors (HFETs) on C-doped semi-insulating GaN buffers on sapphire substrates with high breakdown voltage (BV) and low specific on-resistance (AR on ) were fabricated. A BV of ~ 1600 V and an AR on of ~ 4 mW-cm 2 was achieved from the fabricated devices without any field plate design. This result is a record achievement for AlGaN/GaN HFETs on sapphire substrates to the best of our knowledge and is even touching the 4H-SiC theoretical limit. The effects of gate-drain spacing (L gd ), source/drain lengths (L s /L d ), and gate width (W g ) on device performance were systematically investigated on the fabricated devices.
Summary of Research:
The schematic cross-sectional structure of the fabricated AlGaN/GaN HFETs is illustrated in Figure 1 . The AlGaN/GaN heterostructure was grown by metalorganic chemical vapor deposition on c-plane sapphire substrates, which are much cheaper in costs and are available in larger size than SiC substrates.
Ta/Ti/Al/Mo/Au ohmic contacts were first put down by evaporation in the fabrication process, followed by a rapid thermal annealing (RTA) at 800°C in N 2 for half a minute. Next, the mesa isolation by RIE with chlorinebased gas mixtures (Cl 2 /BCl 3 /Ar) was performed. The transfer contact resistance of ~ 0.6 W-mm and the sheet resistivity of ~ 530 W/sq were measured from the TLM patterns on the wafer. A thick oxide layer was then put down by plasma-enhanced chemical vapor deposition (PECVD) for the elimination of current paths from pad to pad. Afterwards, the active region was opened by wet etching. Thereafter, the devices were annealed in N 2 at 500°C for 10 minutes, stabilizing the surface prior to the gate deposition. Then the Ni/Au gates/pads were evaporated and lifted off. A final passivation layer of SiN was deposited by PECVD at 300°C.
The source-gate spacing (L sg ) and the gate length (L g ) were both 2 µm, while the ohmic contact lengths (L s / L d ) were varied from 7 to 40 µm, the gate-drain spacing (L gd ) was varied from 5 to 16 µm, and the unit gate width (W g,u ) was varied from 250 to 1000 µm. The on-state I DS -V DS characteristics of the fabricated devices are shown in Figure 2 . The devices showed excellent pinch-off characteristics and the maximum current density (I DS,max ) were 460, 410 and 360 mA/mm under the gate-source bias of 1V, for Lgd of 5, 10 and 16 µm, respectively. The measured AR on was 1.6, 2.4 and 4 mW-cm 2 for L gd of 5, 10 and 16 µm, respectively. The contact lengths were observed to have no effects on the maximum drain current density. 
ELEC
The off-state breakdown characteristics of the fabricated AlGaN/GaN HFETs with L gd of 16 µm are shown in Figure 3 . The gate was biased at -5.5V for the measurements. Fluorinert FC-40 was applied on the device surface to avoid arcing and tracking problems caused by the environmental conditions [1] . A BV of ~ 1600 V was obtained for the device with L gd of 16 µm.
Since the average breakdown field along the channel was 1 MV/cm in this case, which was much lower than the ideal breakdown strength of 3 MV/cm of the AlGaN/ GaN heterostrustures, there should be still room for further improvements from both material and process points of view. The measured BVs increased with L gd and were 400, 770 and 1580 V for L gd of 5, 10 and 16 µm, respectively. 
